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ABSTRACT

U)'rhd document expahdi on the canister requirements for an Under-water

Launched Missile System (UIMS) as proposed in volume 6 of the 1967
STRAT-X Committec Report. Functional flow, environmental requirements
and lnterfaces are {dentified. Preliminary design sketches, graphs
and calculations for the primary structure and miwssile csuspension
sysuems ure summearized. Subsysteams are identified and discuseed.

The feasibility of design and constructien of horizontully stowed
missile canisters for misailes up vo 225,000 pounds is verified,

The procedures used are considered applicsble tc the definition

and design of other submarine csnister systems,

KEY WORD'S
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Gunlster . Trajectory of Canister
Encapsulated Missiles Transit - Underwater Canister
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’ ' 1 - INTRODUCTION ;

(U) In 1967 the STRAT-X panel examined the characteristics of

various new strategic missile systems and ldentified an Undervater

Long Range Missile System (UIMS) configuration which resulted in

a low cost of deployed payload and which enhunced survivability due

to added missile range, hence addition-:l deployment aren. (Ref. 1)

The deployed miassiles were larger than the conventional Polaris/Fosc:idon
missiles and submarine design constraints dictated that they be |
carricd horizontally in externally stowed canisters. TR&D studies 1
by The Boeing Company during 1968 provided a preliminary design for
one such submarine and canister. (See Heference 2, Figure l-1 und
Appendix A.)

1.1 SCOPE
. (U} This document is the result of the 1969 IR&D effcrt, und

defines performance and environmental requirements and describes
' the procedure used in arriving at the ULMS canister design.

o It also identifles canister subsystems and proposes design soluvions
3 for those mechanical subsystems considered critical to the feacibility
1 of the canister. The solutions are considered adaptible to other
= horizontally stowed exterior submarine canlsters.,
.-
«< .
: 1.2 ACKNCWLEDGEMENTS
1,3 :E-'; {U)  Acknowledgement of the help provided in the preparation of
; z this document is gratefully given to the following people:
. . '
: E Gary Delaney Beeing Flight Technology Staff
: o
i w
: w R. S. N. Lee Boeing Flight Technology Staff
: .
Ralph Leistikow Boeing Structures Technology Staff
Harold A. Morrison (Retired) Boeing Development Design
E:
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:IJB 2.0 SUMMARY
(U) A canister exceeding the performance requirements of the

Undmrwater Launched Misgsile System {UIMS) aus propoused Ty the $TRAT-X

Committee report, Velume 6 can be designed und constructed. Requirem-ntu

for a canister to contain a 225,000 1b., missile 90 inchea in diameter

and 84.3 feet long %c be lounched at speede and dept o In excess of

present day (1969) Polaris submarine cystem capubilities huve been

‘oroposed. A submarine-canisterized system configuration ha:; teen

concelived and deacribed in Boeing document D2-125971-2 "Preliminary

JIMY Submarine Configuration for Horizontanl Misulle Stowage”. Seo Figure 1.,0-l.

V1 Supplemental preliminary lesign hus been accemplished herein
to verity the teagidili-y of the caniater.

{U) ™= canister aesign propoued is an internally ring stiffened
structural shell with dogged 1ids that open tfor missile launch at the
sea-air interfuce, The canister is approximutely 9.1 feot outside
dinmater hy 90095 f2et long nnd weighs approximately 130,000 pounde
alcne and 35%,000 pound: with the missile. The canister is carried
horizontrlly on the =ubmarine, supported by a trunnion and latch

3 point suspension system. The miscile ic suppo:ted laternlly inside
the canister by alr bags and restrained longitudinally bty a belleville
spring system, Integrated electrical, hydraulic, pneumatic, ballast
and environmentul control systems suppicment the structuraslemechanical
and missile support systems to provide @ canister which exceeds

the ULMS perfommunce requirements.

(U} Canister releas= i{: initluated hydraulicaliy from the submurine
and completed by buoyancy and dynsmic pressure forces. Positlve
buoyancy carries the canister to the surface where sensors initiuate
canister oponing and missile launch.

USE FOR TYPEWRITTEN MATERIAL ONLY
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™~ 3 REQUIREMENTS
(U) This section outlines the general performance requirements and

the design and construction reyuirements considered for the
canister design, Additional definition would be required for u

specific UIMS configuration.
3.0 PERFORMANCE REQUIREMENTS

(U) Functional, Operational and Environmental Performance requirements
are descrided in the following paragraphs.

3.1.) FUNCTIONAL - REQUIREMENTS ]
(U) Figure 3-1 is a chart depicting the canister functional flow.

(U} The primary functions of the Underwster Launched Missile (ULM)
cunister are as follovws: .

interface.

() The secondary functions cof the Underwater Launched Missile (ULM)
canister include:

> a. To protect the misaile from environmental extremes when at sea.
z )
2 b. To protect the missile from specified weapcns effects when at sea.
o
'v:— c. To transport the missile from the submarine to the surface
: after release from the submarine, :
S~ by
U é d. To provide a launch platform for the missile at the gea-alr
.2 .
a
=
[ 3
Q
1S
w
3 e. To provide a missile strongback during handling and transportation.
f. To protect the missile from environmental effects during land
operations.

8- To provide,!nterfqéing equipment’ for electrical monitoring
: and control, locking, safing.and releage of the missile,

T (4) Optional fenctions which may be required of the Undervater-

Launched Hia’sile' (UIM) canister include:

h. To provide a hover or dwell capability at predetermined depths
after release from the submarine but prior to missile launch.

1. To pmvide attachment pointu for recovery of the canister from
the -urtnce of the ocean.

3.1.2 OPMTIOML Rmumnmrs

PR , (0) 'l‘he canister shall be. capable of performing the functional
@ _ » requirenents outlined’1in, pamgraph 3.1.1 to ‘the extent required by

part.icuhr _hnd/ahd de& 'based oPentlons. Deseriptions or the land

§ TSR

T T sheer
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3.1.2 (Continued)
= Lo ,
Wi ‘1J) the canister shall eatisfy the accepted Reliability, Maintainability,
Human Performance and Safety Requirements. The )
minimum useful life shall be 10 years. :
3.1.2.1 IAND OPERATIONS “
(U; Land Operations include base operations, short term atora
transport and long_&cr- atorage pe?¥ rmed primarily in the conttuentnA
United States.,
] ], The Base Operations Mode includes periode of tranaporting
1 between storage and maintenance areas, unprotected holding time
before and during instellation on the UIMS Cubmarine, and tims
during maintenance and checkout during this mode. : ;
b. -The Short Term Storage Mode relates to tecporary storage %
of a complete canister assembly with or without the missile. ;
The canister shall be operable to the extent required for ;
> malintenance and checkout during this mode. H
g | %
z H
S c. The Transport Mode relates to interbase shipment of non- ‘
s operational complete canister assemhlies without +the missile i
w installed.
«
s .
- Zz d. The long-Term Storage Mode pertains to controlled storage to f
)k the extent of Appendix B. The canister may be stored as f
~. & components or as a complete assembly, and need not be !
w operable during this mode. !
z é
« 3.1.2.2 SEA OPERATIONS ‘
'Y .
3 (U}  Sea Operations involving the canister include the suspension
of the canister on the sabmarine, and release of the canister from the
submarine while the submarine is on the surface o:r submerged. Also
included are the transit of the canister from point of release to the
surface including the optional dwell function and the launch of the
missile from the canister. The option for recovery of the canister
with or without the encapsulated missile 1s also included.
a.{U) The Suspension Mode occurs whenever the canister is secured
to the submarine whether the submarine is surfaced, submerged
or in dry dock. The canister is considered to be completely
operable in this mode.
In this node the exposed skin coefficient of drag (Cdf) shall
not exceed 0.0019.
b.fL) Canister Release 1s required at submarine speeds up to 10 knots.
Canister Release is required for one half the missiles from
the submarine position on the surface to the submarine keel depth.
- '
3 0t
-t
DEFENSE LIMITED ~ *' °
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- VS 4002 1434 REY. 008




g B
‘ - R . = B s -
-

5
L

S

. matswe .. DEFENSE LIMITED ~~ juves ov-azeri-

3.1 2., (Continued)

( - | (DL) of 150 feet, and for all the missiles from that depth to OO feet.
Canister Release shall be posasible to the tcllowing extreme
subsarine attitudes:

roll, pitch or yaw T 5° . period 20 eec. or more.

c.(U) The Trensit Mode occury during the period of time from |
separation of the canister from the submarine to the time
the lsunch sequence is initiated. Tlhe canister shall be
dynamically stable during transit hz canister/submarine
trajectories shall be planned to minimize possibility of
collision during transit.

d.{U) During transit, the cunister shall te able to Dwell (hover)
at a predetermined depth plus or minus 25 feet for established

perioda of up to 90 minutes. ‘

e.(U) The Launch Phase includes the 1id opeuning, the brouching of the ;L
sen surface, the steps required tc ignite the missfle and relemse ‘
it from the capister and the subsequent :uctions of the canister
and components until they are in equilibrium. The missile
launch will be a "hot flyout" launch. ;

£.(J) Tc facilitate Canister Recovery, the canister ghull “tail aufe"
to a positive buoyancy state within 120 minutes after releuge
from the submarine. Accommodations for towing and lifting
fittings shall be provided.

3.1.3 ENVIRORMERTAL REQUIREMENTS

{J) The canicter shall be capable of performing th- functional and
operational requirements outlined in paragraphs 3.1.1 and 3.1.2
during or after exposure to the environments tabulsted in
Appendix B.

USE FOR TYPEWRITTEN MATERIAL ONLY
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3.2 DESICN AND CONSTRUCTION REQUIREMENTS

(U} This section 1déét1ties the interfaces assumed valid for this
caniscer design, defines the canister and identifies areas of

specifications which will ultimately govern canister design and constructich.

3.2.1 INTERFACE REQUIREMENTS

{U) The canister shall interface with other equipment us shown
in Figure 3-2. -

3.2.1.1 SUBMARINE INTERFACES

a.(U) Canisters shall be interchangeable between submarines. General
structural dimensions are shown in Figure 3-3. . Arrangements
are shown in reference 2, Appendix D. Electrical interfaces
are not yet established but are anticipated to be similar
to those used on presently deployed SSB(N) submarines.
Hydraulic system working pressure will be either 1300 or
3000 psi.

b.{J) The canister shall produce no dynamic coupling with its
structural interface at the submarine supports that would

affect canister operation or create loading conditions
greater in magnitude than those specified in Appendix B.

3.2.1.2 MISSILE INTERFACES
{U) ‘The canister shall interface with the UIMS missile as foilows:

a.{U) ULMS canisters and missiles shall be interchangeable. General
missile dimensions are shown in Figure 3-k.

b.(U) Limit Load Factors to be sustained by the missile are shown
in Table 3-1.

¢.{J) The missile uses solid propellants.

d.(U} Loterface requirements not considered essential to this
- gtudy have not been specifically established.

{2}  The canister shall interface with the ULMS submarine as follows:
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' 3.2.1.2 {Continued)

Table 3-1

MISSILE TRANSPORTATION-GUSPENSION LIMIT LOAD FACTORS

Condition Description Location Deaign Limit
Load Factor
1 Longitudinal Missile Skirt I 6.0 g's
Axis
2 Lateral Supported Skin T 3.0 g's or 300
{.e. Motor Case psia
Heads
. 3 Lateral- Unsupported Skin 30 psisa
g Longitudinal or Rocket Cuage ;
7 5 Longitudinal Suppcrtad Skia 30C psia §
& ‘.
e 1
<
| : ,
£
- 3
- §
[ . ¢
: z
E 3.2.1.3 BASE SUPPORT EQUIPMENT INTERFACES ;
- ;
e {U) The base support equipment has not been specifically identified. i
( g Missile and Canister Handling Equipment. is assumed as are the :

Environmental Control Unit and Checkout Equipment.

3.2.2 CANISTER DEFINITION '

(U) The interrelation between the submarine, canister and missile
requires that baseline configurations be assumed prior to final design.
Iterative modifications to each are made until the system design has
been accomplished. For purposecs of this document the following
agsumptions are valid:

3.2.2.1 MAJOR CANISTER COMPONENTS

‘ i:4 ‘ (v) The major components of the ULMS canister include the
| = Structural Shell, Access Hatches and Lids, and the Missile Suspension
Syaten, o !

SHEET 15
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3.2.2.2 CANIESTER SUBSYSTEMS

(U) , The subsystems of the ULMS canister include:
a. The Electrical System

b. The Environmental Control System

C. The H&draulic Systenm

d. The Ballast System
e. The Pneumatic System (cptional)
f. The Corrosion Resistance System

3.2.3 *  SPRCIFICATIONS AND STANDARDS

this study. :

a. . Reliability .

b. Haintainabi}ity

c. Human Performance

d. Safety

e. Materials, Parts and Processes

f. Standard and Commercial Parts

g- Interchangeability and Replaceabllity
h. Electromagnetic Interference

i. ;orrosion of Metal Parts

J. Mol :ture, Fungus and Marine Growth Resistance

k. Worksanship

1. I‘aenuneauon, and Marking

®m.  Storage

n. éovernnept Furnished Property List
o. Engineering Critical Component List

p. Logistic Critical Component List

{0) Te following specifications and standards for design and
construction of the UIMS c¢unister have not been apecifically
identified but were considered to the extent wo wnicn they appiled o

SHEET 16
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(u) Configuration studies bas:d on the requirements of the Underwater-
Luunched Missile System (ULMS) described in Reference 1 led vo the
submarlne-mishlle-can-stﬂx couceptunl dexign proposed by Reference 2.
{Sea Figures l.l apnd A-1} Feasibility, of the canji.ter propoaed

(Figures 4-2 and b-3) was verified by studies and calculations 4
of the genersl configucration, the structural componente, the 1l1d
mechaniem and the lateral suspension system. Cursory analysis of vhe
required subsystems provided ascurance that a canister could hbe buil?
te satisfy the system requirements. This section summiarizes the studies
and calculations performed in preparation of the canfster Jdesign

and expands on the subsystem designs.

o M e o K bl

L.1 GENERAL CORFIGURATION

i) The external configuration of the canister was conceived during
sutmarine-mlssile packaging studies previously noted. A trunnion ,
and latch support the canister in u partial fairing cutside the s:bmarine i
pressure hull and permit canister rclease on signul by utilizing 4
canister buoysncy and other hydrcdynamic forces (Figures h-b4
and 4-5 ). Twc canister configurations are required; u top and bottom
relesased canister. .

{J) 'The specific canister size shown herein (Y ft. ¢.D. by 92.5 ft. long’
was selected after consideration cf submarine packaging constraints
and missile configurations which satisfy ULMS range-payload requiremerts.

1" The partially exposed stowage mode on the submarine dictated
a amooth ex*erior skin on the canister to minimize drag. Because of this
censtraint, an internally ring-stiffened cylinder was sclected.

USE FOR TYPEWRITTEN MATERIAL ONLY

{N Effects of the weapon threat postulated in Reference ] and the
resistance to shock of existing missiles cutlined the requirements cf
lateral and longitudinal migsile suspension inside the canister
{Figure b-6 ). Air bags at missile strong points were selected for the
lateral suspension gystem. Longitudinal suspension will be provided

by combinations of cables or Belleville Spring sets and possibly

a launch tube liner. Tentatlvely, a Belleville Spring System is : ]
proposed., ' '

{J} Dogged lids seal the ends of the canister during operations and
are opened at launch %o allow missile flyout {Figures 4-7 ;
anl -8 ).

{3} Electrical power and electronic signals are transmitted by |
umbilicals between the submarine, canister and missile subsystems
and components such as the environmentul control system, position
sensors, guidance and control and squib units.

’
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NOTE: 15t motion breaks |id loxse,
arm hits stop and continues
lid rotation to release dogs .
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5.1 (Continued) :

(U)  Internal bellsst adjusts the percent of positive buoyancy and

positions the center-of-gravity for stable transit to the surface.

External bellast on bottom canisters provides temporary negative buoyency

to drop those cenisters below the submarine until their paths can cleer
Pigure 4-9 ). At an sppropriate time the external ballast

is released from the bottom relecased canister and the canister transits

to the ‘surface similar to & top release canister.

b.2 WEIGHT AND BUOYANCY
(U) The estimated veight based upon the stated assumptions is as
follows:
Wt. in Pounds
inder
Skin - 108 inches 0.D. = 9.75 inch thick 74,290

85.84 rt. long (109.5 in.0.D. with liner
vt. . 75,400 1bs) | :
Rings - 4 inch deep x 0.75 inch thick at 30 in. 7,350
specing -,
Bnd Rings - 6 inch deep x 2 inch thick - 2 ends _2,300
‘ 83,857 1bs.
_ — Lids

.Skin - 61 £t2 x 0.75 inch thick x2en¢s~\ 3,730
Stiffeners - 10.5 ft, x b fnch x 0.75 inch 1,720~
x 8/ena x 2°N¢S . T
Ring - 26.2 ft. circumference x 6 inch x 0.75 890
x 2 ends
Actuators & Amms (estimated) 959
» | 7,200 1bs
Lateral Suspension (estimated) 5,520 1bs
Longitudinel Suspenaion (Belleville Springs)
Ring 1,150
Spring Units 36 x 210 1lbs/unit 7,509
_ 8,650 1bs
Miscellsneous (eotimted) 5,900 lbs
SUBTOML . .+« « . 110,200 1bs

for 92.5 £t lemgth 1194 1bs/ft.
Optiomsl Liner B85 ft. x 92 inch 0.D. x 0.1875 inch 19,800

~ thick plus additional veight of skin
at 109.5 in O.D.

m & . L4 . - » : . . . L) . [ . 130,000 lb.
1410 1bs/tt.
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4.2 (Continued)

(U)  The buoysncy is the difference between the total canister veight
. and the veight of the displaccd ses water summarized below.

Displacement () red

, (vith liner)
Cylinder - 85.84 feet long 9.04 ft. die.
(vith liner 9.12 ft. dia.) 5,592 (5,600)
Lids - 2 each, 2.33 ft. x 8.5 ft. helf ellipase 125
Miscellaneous Structure snd Attachments 25
(estimated)

5,650 3 (5750 1t)
(vith liner A~

Weight dicplaced Sea Water

5,650 £t3 x 64 1bs/rt3 361,520 1bs (368,000 1bs)
Weight of Canister 119,000 (132,929)
Weight of Missile 225,900

225,200 1bs {352,000 1bs)

Buoyancy 1bs. 36,590 (13,000)

% Buoyancy 10.1 1.53)
Wt at 6% Buoyancy - 1bs. 341,590 (347,020)
Lbs. Ballast required for 6% Buoyancy 16, 520 ¢8,200)

The assumed liner design looks marginal. Positive buoyancy should fall
© between 4 and 7 percent. A larger diameter may be required if the liner
suspension system is used.

4.3 TRANSIT TRAJECTORY

(U) Preliminary calculations vere made to determine the approximate
transit trajectories of the canister. Based on the estimated Canister
with Missile Charactaristics noted in Table 4.3-1 preliminary canister
trajectory characteristics werc established. See figures L-10, L-11,
L-12, 4-13, k-14. and b-15.

TABLE 4.3-1
Canister
Length iexcluding trunnion arms) 89.5 Feet
Diameter 3.2 Feet
Center of Gravity from Aft Perpendicular
Positive Buoyant 36.8 Feet
Negative Buoyant 34.6 Peet
Center of Buoyancy from Aft Perpendicular 4,8 Feet
SHEET 28
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/
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.c-_—-:::::r*—\C""‘
D—" E VEL. 2- 10
7T KNOTS
L —— 1 = T A
¥ -

Truvaled S = VT = 1,69 - KIS - T

471  Submarine Travels 294'-8* When Moving at:

Q 2 KI5 in 87 Seconds
»3 ” o 57 *
. 7 5 [ ] u 35 [, ]
. 0 " 18

Fig. 4-10  TOP RELEASE CANISTER TRAJECTORY
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TA Sl NUMBER D2-126242-1 {
;13 | 8.3 (cent'a) | .
; P "
’ ~ (U) Weight ' . :
; Positive Buoyan 157.8 Tons ébong !
Negative Buoyant 169.9 Tons (Long
Volume 5,748.0 Cubic Feet
Percent Buoyancy ! .
Positive L%
Negative 3% 3
Total Drag Coefficient (C,) 1.6 (With Trajectory Rings] -
Normal Force Coefficient (Cy) 9.342 _
Wetted Surface Area (8”) 2,586.0 Square Feet ]
TABLE 4.3-1
g Canister Characteristics (with Missile)
<
= 1
y
3
3 - i .z; k
v g 1
=
-
- .
- 9
4 .
w ]
2 i
{
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4.4 STRUCTURAL DESIGN

(U) This section describes the approach and methods used in arriving
at the structural design of the UMS cenicter defined (n ref. 2 and
this document. Also discussed are the designs of mechanicel componente
which are critical to the structural i{ptegrity of the canister.

(U) The materiel used in this structural design is HY8D steel with
properties as tabulated below. Other materials such as KY150 and Class
Filament materials were investigated but, due to their relatively unproven
status and lack of outstanding characteristics for this application, were
bypassed in favor of HYBO.

Yield  Ultimate Elongatfon Modulus of Density |

Strength  Strength % Elasttcity 1b. per in
psi psi x 190
HY89) 80,000 100,209 14 29 - 30 0.28

The designer has considered 48,000 psi as the allowable stress in tension,
compression and bending and 22,000 psi as the allowable shear stress.

LI U . CYLINDRICAL SHELL

(U) The cylindrical shell due to the requirement for a streamlined
exterior surface in this submarine-canister configuration (reference 2)
is an interior ring stiffened cylinder. Section 3.1 and Appendix B
describe the performance and environmental requirements. The canister
has been treated as a uniformly loaded simple beam with pinned ends.

The combined loading conditions of bending, pressure at operating depth
and specified weapon effects are considered when applicadble. Of these,
two combined load conditions appear critical to the structurel design of

the canister. :

a. The bending of canisters when horizontally supported by the
ends only and subjected to a 3 "g" impact from the internally
supported missile. This may occur during handling or to top
canisters when the submarine is surfaced and is accelerated
by a near miss explosion to the peak particle velocity of the
vater.

b. The bending, shell buckling, yield and genersl instability
of the canister when subjected to the 3 "g" impact and sea
water pressure at operating depths.

b.b.1.1 DEFLECTION

(U) In bending, the canister cannot deflact more than the missile.

By estimating the worst case deflection of the missile snd matching the
maximm canister deflection to that deflection, one check on the canister
stress in bending can be calculated.

i DN Il o 1 .0 1 S R SN © e i ot
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b.k.1.1  (Continued)
(U) . Assuring the missile psremeters as follovs;

Missile weight - 225,000 1lbs
Missile length - 1012 (support length ~ 832 inches)
Missile diameter - 90 inches

. v’

Maximum deflection = 5%,; BT Uniform load-pinned ends
Maximow Moment M = ".ék
Fidre stress fs = 'I"—Y-

fsl WL

Y "7

8fsI = WLY

'5‘3‘5 x Q%E_IL;_ -%og{; %’iﬁ" 0. 1041 %‘-2-

vhere fs = fibre stress

- L = length

Y = distance from neutral exis to outermost fibre
E = Youngs Modulus of Elasticity -

For the migsile
A#mae f3 = 10,000 psi

»L~-'Q32

Yels

E = io,obb,ooo

" . | s N .

(M)

SHEET 3T
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b.b,1.1 (Continued)

{U) trom (1)
10 x (832)° 6 Mlxllg:
1041 K..L@__LJJ = 1.6 inches Missi
Missile = 0.10 5 x 10,000,000 ~ == Deflection

Por the canister 5
WL
- 5% * B

W(est) = 350,000 1bs = 3.5 x 10°

L(length)

D(dienmeter)

90.75 ft. = 1088 inches (Figure 3.3)

108 inches

E = 30,000,000 psi

(def1.) 1.6 inches (maximum allowable)

33, EIs 55%3‘3

5&.?) 107 (1lg_%g;3
® 3 1.6) 30 {1

> 4
I(required) = 22"“ ‘10 = 122,000 in
: L
I{required for 3g's) = = 366,000 in
I= rst
I
ts —~=
.

r= Shinches I = 266,000 Ink

6.6 10“
t = 3—:—-$—3—l « 0.743 {o. minimum canister thiokness
(54 from sllowable deflection

)
troan e Jb o B I1P W8y (T

T
Bending Stress with t = 0.743 fb = X o -‘-'i'-z%‘-’—zi,'} « 21,100 pai.
36. 9
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b.?.l.e SHELL BUCKLING, YIELD ANL GERFRAL INSTARILTTY

1Y Three primary modes of fatlure, Shell Buckling, Shell Yield and
General Tnstability generally govern this type of structural design
{reference 3, Chapter IV, Section 8). Ccnsidering thece failure

modes the Fodng Optimization Program far Submersibles (BOFS) (reference &)
wag used to determine a minimum weight design. Bused on inputs listed
below the resulting structure defined was & 0.37% fnch thick HY 80

steel skin supported by 4 inch structural tees on 11 inch centers

with 3 king frames equally spaced in the lenglh of the canister.

i i o A R 3 % B e ol

(DL} The inputs to the (BOPS; program included the following:

a. Factor of Safety 1.5 (for shell ylela)
2.0 {for stability)

i b. Operating depth 700 feet

i n el i Lt o A o WD

! 7 e. Ring Spacing 8 - 36 inches

d. Ring geometry T - Section
e. Material Properties of HY-80 Steel

r. Sheu\na?mter’ 8 - 10 feet

e e

(DL} Subeequcnt bo the BOPS program design additional factors
appeared, which affect the design const*alnts, A modified operating
depth due to the trajectory of bottom release canisters increased the
operating depth to about 1050 feet. The ring spacing and geometry used
in the minimum weight design appeared to be too restrictive on the ;
lateral suspension system.

¢

USE FOR TYPEWRITTEN MATERIAL ONLY

(4} A heavier skin (0.50 inches thick]) with rectangular shaped rings

at 24 %o 30 inches on centers was arbitrarily selected. King frames

were arbitrarily deleted. This configuration has presented as the original
concept in reference 2. |

l ‘ (D.) Following are calculations to check the Qdequncy of that design.

Applying derivations of Windenberg's expression'for shell buckling
in which: 5/2 ]

2.60 E(t/D) . 1/, 3
pc = T—lﬁb AR ),._/,2 {from reference 3, Ch. IV, Section ?1!;) ‘

an assumed thickness may be readily checked against the frame spacing, ]
the canister diemeter and the collapse pressure. Y

vhere

pc ¥ collapse pressure, psi.
operating depth 1050 ft. X safety factor 1.5 X O.4hl& pei/ft.

7

= 700 psi (required minimum)

thl;i ET L SHEET 39
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k1,2 {Continued)
E = Young's modulus of the materisl, psi 30 x 106
D = diameter to midplane of shell, inches. 108 inches
L = Unsupported length of shell plating inches 24 & 30 in.

t = 9.5 {nches ——»= up. @sesumption )

when
542 -6 Vz
t/D = 0.50/108 = 2.00463, (t/a) ° & 1.5(107), (t/a)’2 . o.068
and L = 24 inches, L/D = 24/193 = 9.222
6 =0
2.6 (32) 12° (1.5) 10 nz .
PC * TR -5 (0.0 " S0 = 22 st

Since 700 psi is required the design is too light in buckling. FPor 0.59

inch thickness frame spacing (L) must drop to 21 inches. For 0.5625 (9/16)
inch thickness frame spacing (L) may be 27 inches. Check 5/8" ¢ at 30 inch
frame spacing. ‘

o . 1
t/D = th?i- 0.00579, (t/p) /2. - 2.6(10“’), (t/_n) /2 = .J76

L,’D = -1%% = 0,278

. = 2.6 (39 136 2.6 19'6 -2 831 pst
p 0.278 = 2.55(0.07 3. 25k ps

The design would be sdequate in buckling.

{U}  Deflect?on iimitations imposed on th2 canister cstablish a need
for a 0.75 inch thick skin. Assume that this thickness and a 30 inch
ring spacing will prove adequate in shell yield and general instability.
verification can be accomplished by use of the (BOPS) program

vith the modified parametere. This would be in sccord with the

methods discussed in reference 3.

DEFENSE LIMITED e b

US 4002 1434 nEV, 068




RTVE a e e s e et . . :-.yﬂw,»,wp
: FAEAR ALY (o3 all ’:"_--"?;""'g‘-; . - .
. OEING “,.......Di‘r ENSE LIGIED ey N De-126242-1

REV IR

S 4.4,1.3 COMBINED STRESS

(DL) The canister skin may actuslly be subjected to bending stress,
longitudingl compressive stress and lateral compressive streass sinmultaneously
The compressive stress due to bending has bLeen calculeted in section h,1,1,1

as 21,000 psi. By adding the exial compressive stress duc to vater
pressure on the canister ends the total axial compressive stress my be
determined,
Fronm:

dia. (mex.) 199.5 inches

Area 9,420 in2

Pressure (uxl) 700 psi

Circunference 142.5 in.
Skin thiek. 0.75 in.

fa = axial compressive stress (water pressure)

b d
fa o Arca x pressure ) 1n x 709 1b/in®
Circumference x thickness 342.9 in. x 0.75

fa = 25,670

adding 21,100 (bending ctress) S
18,570 psi (maximun axial compressive stress, ‘)
< 48,000 psi -- satisfactory in compression

USE FOR TYPEWRITTEN MATERIAL ONLY

(PL) By calculating the lateral compressive stress and combining this
with the axial stress just calculated a check on the naximm principal
stress (Sn) and the maximm shear atress (Sp) nay be accomplished as follows:

From the TOO psi external pressure across the diameter of the canister
the reactive compressive stress in the skin my dbe detemmined.

T30 psi x %09é5 inch x 1 inch = 38,250 1bs.

(Reaction)

Approximately but sccurately enough for prelininafy desigr the cross

sectional ares of the reinforeing ring may be spread across the unsupported
skin ares ané used in determining the skin stress.

Arca of reinforeing ring b x 0.5
Length of unsupported skin 30 = 0.10 in,
{ Skin (t) + 0.10 in. = 0.85 in. effective thickness

y .‘.'_. . . S hl
»  DEFENSE LiMiTFD

LA RIIIRFIYEY 8 Wy
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hoh.1.3 (Continued)
38,250 1bs

Stress w (SIS, = B55,000 ped

(lateral compressive stress, 82)

(U) From reference 5, Table II case 4, the bimxial stresszes can be combined to
determine (Sn) tnd(sp) the maximun principal and shear stresses.

Sn = 81 Sin2 + 82 cos2

8 = 46,870 pri (max. axial compressive stress)
S, = hséood psi (lsteral compressive stress)
tan = §% = 0,962 = 43% 53

sin = 0.693 sinz = J.L8

s08 = 0.721 coue‘ = 0.52

3, = 146,870 (3.46) + 15,000 (0.52)

= 22,500 + 23,00
= 15,900 pat ' hB;OOO psi -- satisfactory
and the maximn shear stress from Sp = 1/2 (s, - 52) sin 2
= 1/2 (1.879) (9.999) -

= 935 psi. ¢ 22,000 psi -- satisfactory

SHEET b2
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( I | b.b.2 ACCESS HATGHES

(U) One hatch is required at the top of the canister for lsunch and

for installation of the missile. Hot lsunch requires that the bottos of
the canister open to relieve gas pressure. Ease of missile inatalletion
and possidle "in canieter” maintenance also influence the need for a ;
bottom opening on the canister. 1

(DL} Ellipticel shaped heads vith & mejor-to-minor mxis retioc of two
are proposed, a common practice for high-pressure bulkhesds. (Reference
3, ChapterIv) The plating is designed to yleld at test depth; the
stiffensrs are designed to yield at the specified collapse pressure of
the pressure hull.

Using /5

2 P
t = [%] from ref. 3 ' SR

vhere

A RS e

= pressure at test depth., psi (b66’ psi)

P
D « redius of crown inches (100 inches)
K = 2.3 (from von Karmen and “uleon,

E

= 30,000,000 psi

t = 3,72 inches minimum.

{DL) Thig corresponds to a thickness of 1.165 inches (~1 3/16 inches)
for sn unstiffened shell as determined by the formula,

USE FOR TYPEWRITTEN MATERIAL ONLY

Sy = Pé%a t= 2_3_2_ (reference 5, p. 269, case S) :
.'\31 ‘}

in which ' : é
P = unit pressure psi (466 psi) 1

RFELPRETES

Ky = redius of crown (100 inches)

8, = tensile yield stress psi (20,000 psi) (at S *18,000 pei t%:hgi*

TIPSR LD AR

(U) e 0.72 inch {actually 0.75 inch) thick plating with radial stiffeners
will be used. A buse ring to take the hoop atress will interface and seal
vith an end frame on the cylinder. The weight will appromch: O
, lbs. . s
| Skin - 61 F° x 30.68/m° = 1885 1

i Stiffeners - 8 ea. x 10.5 Ft. x 10.2¢/Ft. = 860 1bs.
F Ring - 26.2 Ft. x 15.3¢/Ft. = 40O 1bs.
f

WP, STRUCIURE/FER. LID « 3125 1bs

o DEFENSE LIMITED **= ©
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. 4.4, 3 MECHANISMS

(U) The 11ds will be dogged similar to the 11ds of the Polaris boat

launch tubes. The top lid only vwill be hinged (reference appendix B)
and the Mower 1lid will be permitted to fall free when released.

Actions required to open the lids are: -

Break seal betvcen 1id and cylinder. k
Rotate the lid. |
Lift the 11d (top 11d only, bottom relcases due to inteimal pressure)
Suing 114 open (top 1id only)

Ascume the forces holding the 1lié to the cylinder are rust and friction.

Clrcumference of Lid = TV (106 1n ) = 333 in.
Area of 1lid = w glg_G_z = 8820 in.

External Pressure at start of rotaticn =

ey ]

depth x O.hhk psi/ft ~ ULk psi

- Internal Presﬁure - Assuze 24,4 psi

Ar 20.0 psi
Total pregsure = 8820 1n2 x 20 = 17,640 1lbs

x Cf (9.2) = 3528 1bs Rusty Surface

USE FOR TYPEWRITTEN MATERIAL ONLY

Assume rust on 2" ring at circumference produces an ultimate shear of 50 psi.

Circum’erence x 2 inch width x 50 psi = 33, 300

plus friction
Breakloose force -3‘8'55 1bs :
Rctating force 3,528 1bs

ks

Design for 40,000 1lbs.

Using & lever driven by a hydraulic cylinder to break the seal and rotate
the 1id.

e 10 o
' | 1
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For a hinge pin 3 fnches above the hub.

Ry = 40K x 12/9 « 53,300 lbs.
R, = WOKx 3/9 = 13,300 1vs.
Bean Moment .G:;OK x 3 in. = 120 in~kips
fo = w?
(52!
ho o= fsd
for b = 1,5 apd 78 = 30 ksl
hel
Pin Shear = 53,300 lbs. 6ingle shear allov 22,000 pst
Pin Area = 53,300/20,000 = 2.67 1n2~ 2 in, dia.
Pin Bending Moment = 53,300 1bs x 0.75 in = 40,000 in - lbs.
L PRY L
Ipin - 7 (2)" = 9.785 in
40,200 x 1 .
o = —5-.?3-;—- = 51,000 psi (too high)

Try 2-1/2 in. dia pin.

I = 1917 £ = 26,200 psi - OK

Cylinder (30CO psi oil) Area = 12,3C0 1bs/3 = 4.5 1n2

(U) Additionsl calculations to size the lifting arm, the lifting
hydraulic cylinder, et¢., produce an arm approximately the size of a 6-inch
by 8-inch WF and a 3-3/8 in. diameter hydravlic cylinder. Sirzing of

other comporents has teen done but will be omitted in the {nterest of

brevity.

SHEET 45

VY 4902 1434 REV, 048
W R A S i, S 2ia Ty Wy > MR S o AR . . & -

o o




USE FOR TYPEWRITTEN MATERIAL ONLY

NUMBER D2.1262k2-1

e ‘”””‘ COMpary REV L‘R

4.5 SUSPENSION SYSTEM

(U) The primery function of the suspensicn system s to safely position
the nigsile in the canister during all modes of coperation vhether at sea or
on land. In so doing, the suspension system (s required to cushion the
nissile [rom excess shock levels and to repocition 1t in the canigter after
relative novements. It may 8ls50o be required to provide hot gas and acoustic
shieldins of the nissile a% missile launch.

(U) From the environmentsl design requirements defined in Section 3.2 amd
Appendix B the canister is required to attenuate weapon effect shock loads
slong any of the : major extis to levels tolerable to the missile. These
levels were arbitrarily established at

+ 6.0 G's along the longitudinal axis and + 3.0 G's laterally.

(U) Design 1load analysis at this stage of desigm varrants only besic
static loaé canputations and a sinplified dynamic anslysis. The dynamic
atalysis assunes 2 single degree of frecdom system in which the can is the
foundation for s spring mass, the nissile and moves with the particle veloc-
ity of the water. The "G" response of the missile is related to the spring
stiffness between the canister and the missile. ‘ As

noted in reference £ regarding the Polaris support systen, ' the shock
notion is relatively severe, the mnissile is rragile and a very lov-freguency
nount is reguired to protect the missile during "hear-miss” unéervater
explosive attack.' The same situsticn is true for UIMS. Fipgure L-16
relates rattle space requirements to wespon effects (peek particle velocity
In ft. per sec.), "g" levels and predicted frequencies.

b.o.1 LATERAL SUSPENSIOH SYSTEM

(1) Three types of lateral suspension systems were investigated; restrained
ccil springs appeared to require cxcessive volume, to be difficult to
install, heavy and more expensive than an air bag systen. No feaszible
liquié spring system appeared to satisfy the requirements of the system.

T™wo conceptual designs utilizing air begs appeared fessible. As depicted

in Appendix A taese are "Air Mat" [> bags between the canister and a
liner (launch tube) containing the missile and "Air-Mat" bags with a stiff
reinforced rubber seal. Sample calculations are presented in the following
raragraphs to show typical air-bag pressures at static and dynamically

loaded conditions.

(U) From Fig 4-17 assuming the five point support (EDEFG) the static
reaction from the wissile at G is approximately 6' kips. Adding 3009
pounds for the liner and 1500 pounds for the support ring the statie
losding at G 45 65.5 kips on the air bags. The dynamic loed at 3 G's
would add 196.5 kips for the worst case of 262.0 kips. Fig. 4-18 shows
the proposed srrangement of air bag suspension system with a liner. The
bearing arca per air-bag is 92" x 25.25" = 16.1 ft< per ring in the static
B

load condition. It is approximately 17.h i‘t?‘ per ring vhen compressed
4 inches. The volume per segment in the static load condition is

5 Goolyear Aerospace Division - Trade Name
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1 DEGREE OF FREEDOM ANALYSIS:

N Figure 4-16 CANISTER RATTLESPACE REQUIREMENTS VS WEAPONS EFFECTS
~ ( PEAK PARTICLE VELOCITY ) AND ALLOWABLE: MISS [I.E

“G“ t.OADS
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e | Continued

Te33 rts (V ). The volume vhen compressed under dynamic losd 1s
lpproxiuttly 5.33 ££ (Vo).

{7} Assuming a tvo ring support area the pressure at dynamic loading is

P« F/Ap = 3§§&§9%§§§§ . 2.9 p.s.t.y.

Thie i3 an acceptable pressure for "AIRMAT. As a preliminary estimste and
considering the compression cycle to be isotherval in vhich Py V] = P2 V)
then

1 P2V ~ 529 (10.66) .. 8.5 peig

Vl 1h,

P

Checking - !’1 - P1A1

A, = 2(16.1) = 32.2 12

2 o] e
therefore ’1 = 8.5 1bs/1n2 x LB4 4n" /0t v 52.2 £t7 = 172,500 1bs.
> static load of £€5.5 kips.

It would support the missile but probably would be stiffexr then desired.
Once the desired spring rate is determined then the ratioc betuesen
P2, Pl’ V:l and V,, can be establighed. For instance, {2 it is desired

to set P2/Pl = 3 then Vl/V,, nust approach ¢. This can be accomplished

by installing & pen insert i{n the area commonly occupied by
V) en¢ V5 sust that the Vi 2retio i{s adjusted. (De:nil A,

Figure -4-18),

(v) Second cut calculations showing temperature effects on pressure

(Pl vl/'rl = Po v2/'r ) are necessary befor- selection of design Py is made.
Temperature ranges may be selacted from environnental requirements.
Selection of air bag sizes to provide uniform pressure and/or spring rate
regsponse at each missile support location is a continuation Into detail
design not required in this document,

(U) Additional factors to be considered are the effects of longitudinal
displacements on the air bag system and vice-verss. "Oil canning” of the
liner &ue to pressure of the unsupported air bags avay from the guide
block could be a problem. Tolerance of air mat construction thickness

+ 1/16" will be additive to other tolerances to determine worst case dis-
placmnb off center at each support. Material for the seals must de
resistant to cresp or cold flov and have a lov coefficient of friction.
Development testing is assumed.

(U) Design of an air bag suspansion system design (no liner) is essen-
tially the seme as the liner system except that seals must be incorporated

to prevent acoustic and hot gas blow by during leunch. Study of the lsunch

gas forces to provide retention of the ailr bags during launch is required.
A method of releasing the air bag pressures to permit lsunch of the wmis-
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sile {s also required. Careful material selection to prevent sdimuion
¢l the air beg to the mnissile iz required.

k.5.2 ' LONGITUDINAL SUSPENSION SYSTEM

(U) The primary function of the longitudinal suspension system is to
position the missile longitudinally in the canister during sea and land
operations. The 6'§' tolerance of the missile along this axis requires
that, to prevent missile damage, shock in excess of this be attenusted by
the suspension system. From veapon threat ané 2ffects studied {n Refer-

once , a 2-inch maximm displacenent along the longitudinal axis provides

this attenuation.
§.%.2.1 CONCEPT DEVELORMELNT

{U) To make the longitudinal suspension system work the missile must be
"locked"” into the system with provisions for release at launch. A support
ring at the base of the missile skirt can provide restraint against rela-
tive xotion in the aft direction. If the nissile can withstand tension,

2 locking device attaching the missile gkirt to the support ring could
provide the necessary relative forvard restraint. Ancther method of pro-
viding forward restraint wculd make uge of the liner proposed in the lateral
suspension system: blocks at the shoulder of the migsile would be locked
to the liner and released prior to launch.

(U) The longitudinal suspension system must allov free movement of the
leteral suspension system and attenuate fore and aft shock. Absorption of
shock is normally accomplished vith a spring-shock absorber system, Sev-
eral types were considered including restrained springs, rubber compression
or shear mounts, Houdeille smibbers and Minuteman type liquid and pneumstic
spring systems. Because these systems require nore space than is available
in the narrow canister confines, altermate syatems have been investigmted.
Tvwo candidates show promise; a nycten of annular cables and a Belleville

Spring System (Figure 4-19)
§.5.2.2 ANNULAR CABLE SYSTEM

L

(U) The annular cable suspension system shown consists of 100-3/8" (approx)
cables for the forward motion restraint and 100-3/8" cables for the aft
motion restraint. The sketch as drawn would use a lock in system at the
nissile skirt but the shoulder-block locks with a liner could be used just
as well by including the deformation of the liner in the forward restraint
system, The liner under a 6 g load would be atressed to about 27,700 psi
and would stretch about 2.77 inches.

(U} A wodification to this system could be desicned to shorten the cable
system. An elastic’ ring'eonld :be' sized to.put-a knee or curve in the
longitudinal cables “to provide s greater spring rate in less cable length
(1.e., about 48 inches). It would supply mﬂtancioning to the cables to
prevent the mtpended mass from impacting a ﬂack xystem. ,

%
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4.5.2.2 (Continued;

éu) Design of the cable system utilizes the material modulus of elssticity
E) to dsvelop the spring rate.

(U) From the graphs (Figure :20 th Figure t%-3% §1t can be seen
that the lover the modulus of elasticity (E) and the higher the design
stress, the shorter the length of cables and the less the cross-section
area of stregsed fibers are necessary. For straight steel wire, the length
becomes practical only if the vorking stress is in the grder of 300,000 psi.
Steels are available in this category (see Figure '4.20). The mmaller the
dianeter of vwire the higher the working stress.

(U) Phosper-bronze spring wire per Figure 4-.21)has an E of about half
that of steel and provides more springiness. The strength is about half
that of steel so that the length required is the sane as the all steel wire
system. The cross-sectional area of the non-ferrous system would be twice
that of the farrous system. The density of phosper dbronze is greater than
steel (about 15%). The weight of the system wonuld be over twice: that of
steel. The non-ferrous system may be more resistive to corrosion; however,
the cost would be greater. Further study could discover the advantages
and disadvantages of a non-ferrous system.

(U} A non-ferroun cable system as opposed to a streight wire system may
be superior to a steel cable system. No precise engineering data could be
foand on the elastic properties of a none-ferrous cable, Some weight and
strength data is included in this report. The E of phosper bronze cable
nust be inherently low but the atrength is also lov comparad to stecl and
there appears to be no gain Iin using the non-ferrous system.

(U) Most plastics tend to take on a permanent or temporary flovw st a
very small percentage of their breaking strength (generally around u%).
Their charactaristics also vary widely with temperature and humidity
changes naking their operative repetiveéness unreliable. Nylon appears

to be one of the more stable plastics temperature wise, Hovever, it is
not recommended beyond about 10% of its breaking strength. The breaking
strangth is in the order of 10 - 15,000 psi depending on the type of nylon.

' The required length and cross sectional area makes it a poor candidate

for the subject epplication.

(U) One family of materials that may be a serious candidate is parallel
clasg-fibre £illed plastic. Some articles give a modulus of elasticity of
3 - 6,000,000 and a design stress of 120 - 150,000 psi. The resulting
system has a high volume efficiency compared with all other waterials. The
veight of the system would be much less than any other system. (The sub-
Ject system {3 mch more volume critical than weight critical.)

5.5.2.3 MELLEVILLE SPRING SYSTEM

(U) Pigure b-19° shovs a preliminary design vhich satisfies the longi-
tudinal suspensiom system requirements. Belleville Springs are stacked
in paralel and series combinations on rods mounted circumferentially
betveen the launch tube and the canister. Motion between the launch

U 4002 14854 0L Y, 068
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b.5,2.3 {Continued)

tube and the ceanister is attecuatec by compression of the springs ané
friction In the spring system. The rods act as guides for the springs

e2d as tension members vhen the motion of the launch tube 1s avay from

the support ring on the canister. Selr-eligning spherical vashers transwit
the forces between the springs and bosses on the structural members vhile
providing clearance for the rod to arroamodate the plus or minus 4 inch
lateral motions required. See Referance 7 for deiign proceldure.

Characteristics of the Belleville Spring System

(U) Tvo inch plus or minus longitucinal motion is possible {n the avail-
able space with appropriate design effort. Weight ir approximastely 7500
poundes for the spring system with each spring unit being slishtly over
200 pounds. The weight in this location aids in pulling the oversll
canister c.g5. tovard the bottom =néd, to help produce proper transit and
launch sttitude. Materials are 1065 stesl at various heat treatments.
Installsticn and maintenance, {f any, are simple.
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wabs SUBBYS‘HM DESION

(U) This section discu..aes the assunptions of the Cesigner rnp,nrding the
canister subsystems. .

Bl ELECTRICAL

(U)  The electrical subsysten 15 requireéd to provide efireuits and com-
ponents for control, monitor ané pouer to the nissile, the environmental
control subsystem, the hydraulic subaystem and e pneumatic systen.
Additionally the depth sensors and timers used Zor lower canister ballast
control ané initiation of the launch sequencs are parts of the electrical

subgysten.
(U)  Primary power would ve furnished via the cubmarine ts canister
unbilical. Pover required during the transit rode pricr to lsunch would

nake & battery avoard the canister mandatory. The sla~trical subsystem
do=s not appeer to present any major problems. -

.2 ENVIRONMELTAL CCNTROL

N

W,

(U) The cnvironmental control sutsystem is requirad to maintain the
niscile snviromment within limits. The nissile is generally dormant and

submarine daployment areas can rangs beivaen fripid artic vaters and

ware trepical wvaters. DBotlhi heating and cooling are required as is in-
sulaticn on the canister shell. Preparation of the cenister for sna
would include humidity contrel. Poseibly the canister would be ©{1led with

an inert ;ms.

{(U) The details of the environmantal control system have not b‘een worked
it t e requirements appear to he a natier of application of existing
typss of =quipment. Heat loss could he a problem in (rigid vaters.

h.6.3 HYDRAULIC |
(U) The hydrauiic system is ueed to undey the cunaster lids, and to

opan the 4up 1id at launch (reference Figures 4-5 and h-7 . The
subtwarine hydraulic systems will provide the unlatching fere=-for

canister release.’

(U)  Th= system will operate at 1379 psi which is compatible with
rresent liavy use, Standard components will be used throughout the system.

b6 4 BALLAST.

(t)  For proper launch of the missile the velocity of the canister at
broaching neseda control. Too much speed and the ~anistar rises too far
out of the uater and becomes unstable. To saintain a plus & to 7%
positive buoyancy internal ballast pigs will be installed around the
ineide periphery of the can aft of the missils tajl. Testing may establish
a requirement for deployment of a drogue during transit.
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(V) Regutive buoysncy 1= required for tottom relesse caniecters so that
- A thetir :rajectory pulls them avay from the gubmarine at the time of
release. As shown in Pigure 4-9  un external dalluut diase {8 ettached
to the aft dome of the canis%er. About 25,000 lbs. is nceded and

a8 molded cast iron disc 7.9 ft. In diameter by 1.5 rt. thick would
aatisly the wei{ght requirements. Releape may be by csquib or hydraulics,

+.0.9 PNEUMATIC SY3TEM ‘

{1}  Potential reyuiirements for a dwell (hover) mode fcr the caninter
may estAblish a need for s pneumatic system, No Jeteils have been
worked but sea water ballast and volume control may mike this dwell
mode impractical for the proposed canister decign.

b.6.6 CORROSION RESISTANCE

{w Surface coating and cathodic protection will be used on the maln
structure of the canister, Details of the design at moving purte guch aw
+he 11id dogs and the trinnion have not been established but are not
expected to be problem areas.
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£ CONCLUSIONS

(DL’ Drsign and conatruction of undersea canirters for launching
large miasiles in the 225,000 1bs. cluss uppears feasible and within
the state-of'-the-art., Such canisters cun be desiyned Lo be launched

from submarines travellingat speeds in excess of 10 knots.

(U)  Since this canister wag deflection critical rather than stress
critical, optimization programc auch ai BOPS should provide for
incorporaticn of defler~tinn inputs.

(JY  An air bag system provides a satisfactory meanc for lateral
suspension and shock displacement attenuution,

(u; Longlitudinal suspension and shock displacement uttenuation can
be uccemplished by severul systems {ncluding a belleville spring
system or a cable system.

(U} Development of éanister subsystems with the exception of u
dwell (hover) subsystem 1s not expected to present difficult design
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